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[57] ABSTRACT 

A telephone interconnect system for a two-way radio 
communications system is disclosed. A telephdne patch 
interconnect unit accepts dialed digits from a telep hone 
li ne, encodes them into a data packed an ^-COupleT ge' 
"data packet to a nxed transceiver for transmission to 
remote unit s. A remote unit with a digit sequence identj- 
fication matching the received and decoded dialed digit 
activates an alert A remote unit may generate and store 
digits corresponding to a desired telephone number. 
The digits are subsequently e ncoded into a data packet 
and_transmitted,to_the telephone patch interconne ct 
unit. T he interconnect unit accepts, acknowledges and 
decodes the data packet and couples the resulting digits 
to the telephone line. 
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the control point operator or dispatcher present These 
TELEPHONE-RADIO INTERCONNECT SYSTEM regulations tend to limit the phone patch to simplex 

operation only and reduce the flexibility of automatic 
Background of the Invention operation. 800 MHz trunked systems, such as that de- 

This invention relates generally to telephone inter- 5 "ibcd in U.S. Pat No. 4,012,597 assigned to the as- 
connect devices and more specifically to telephone of P resent application, are required to pro- 

patches and associated control devices for a two-way vide service to large numbers of users. To do this, the 
radio system. systems must trunk or share a number of frequencies 

Interconnection, or phone patching as it is commonly among the users relying on the probability that not all 
called, is the connection of a radio system to the public ^ users communicate at the same time and for the same 
service telephone network (PSTN) or a private branch duration of message. Since telephone calls consume 
exchange (PBX). However, operation of the phone significantly more time and effort than other radio calls, 
patch is not the same as that experienced on a standard most trunked system owners do not allow phone 
telephone or in the domestic mobile radiotelephone patches on their system. The off-peak service hours, 
service provided by the telephone company or by radio 15 however, could be used to service telephone calls if 
common carriers (RCC). The mobile telephone system reliable and automatic equipment were available, 
is a full duplex system that has many of the characteris- Several different manufacturers make telephone in- 
tics of and may be used in the same manner as a standard terconnect systems for the land mobile radio market 
telephone. The phone patch system, however, is either The vast majority use DTMF (touch-tone ®) or other 
simplex or half-duplex on a single channel and generally 20 tone signalling for control and selective call operation, 
requires significant involvement by the radio user or an Although tones and DTMF can be sent through a radio 
intermediary such as a radio dispatcher to establish and channel many compromises are required to effect a 
maintain a connection with the telephone system. reliable signalling system. A typical radio channel is 

The radio systems which employ phone patches usu- much no i s i cr than a telephone line, particularly in weak 
ally have a plurality of mobile units many of which are 25 signal A frequency moau i at ion receiver can pro- 
associated with each other in groups, and a fixed radio duce noise strong to false a DTMF decoder 
transceiver or several fixed radio transceivers located at when ^ ^ ^goal ^ weak whereas a telephone 
a favorable propagation site and under the control of , ^ ^ riences noise at voice levds . A 
one or more d^patchers who may be located some DXMF decoder ^ ^ decode a 40 aSi]ixcond tone 
distance away. It is the function of the dispateher to 30 fefees six times or more in less than 30 
communicate with the mobile users and to regulate and ^. 'v Jj m/ ^ o1 , ^ rfc , • „ , wo • - c „ . 
control the radio traffic on the radio system and occa- nnnutes. To reduce all types of faking (voice, noise, and 
sionally connect a radio user to a telephone line. To cross-code)longer tone times are needed linger tones 
accomplish this, the dispatcher must lift the receiver of » ^? necdcd / or be « er *™tivity at the same falsing 
his telephone instrument, dial the desired number, and 35 rate. However, longer tone times increase the amount of 
manually activate a switch which accomplishes the ^ "J 0 ™* to *■» a telephone number and increase 
connection of the radio user and the landline party. The the probability that a signal dropout during a long tone 
dispatcher must monitor the call and, in simplex systems "™ interpreted as a repeated number, 
where the fixed transceiver and the mobile transceivers Automatic interface equipment which currently ex- 
utilize a single frequency for both receive and transmit, 40 » te 0311 Provide fixed transmitter keying/dekeying, 
he must manually key the fixed transceiver transmitter telephone line seizure and redial of mobile tone or 
when the land party wishes to speak and de-key the DTMF digits, and selective mobile calling but does not 
fixed site transmitter when the land party wishes to provide a land-mobile coordination that simplifies the 
listen. At the conclusion of the call, the dispatcher must equipment set-up, yields an easy and automatic 
manually deactivate the phone patch and hang up the 45 call processing, and reduces the effort of a dispatcher in 
telephone. overseeing of a telephone call Consequently, a long 

In half-duplex systems where a channel consisting of standing need is felt for a telephone interconnect system 
two frequencies is available for the fixed transceiver and which will accomplish telephone signalling in an effi- 
the mobile transceivers, the fixed transmitter can be °>ent and reliable manner and which will reduce the 
locked in the transmit mode for the duration of the call 50 burden of phone patch operation for the radio user and 
thereby relieving the dispatcher of the necessity of key- dispatcher. 

ing and de-keying the tnmsmitter. The phone user can SUMMARY OF THE INVENTION 

always talk to the mobile transceiver but the mobile 

transceiver user must key and de-key the transmitter in Therefore, it is an object of this invention to provide 
order to talk to the phone user. Thus, the mobile user 55 a single channel telephone interconnect system with a 
cannot be interrupted by the phone user while the mo- reliable signalling method. 

bile transmitter is keyed. It is a further object of this invention to reduce the 

Even with the aforementioned inconveniences, human intervention necessary for the operation of the 
phone patches have flourished. However, a very useful telephone interconnect system, 
device like a phone patch is not always possible. By 60 Accordingly, these and other objects are achieved in 
Federal Communications Commission (FCC) regula- the present invention of a telephone interconnect sys- 
tion, phone patch use at frequencies below 800 MHZ is tern. This system, employed in a two-way radio system, 
not allowed within 75 miles of the 25 largest metropoli- provides mobile radio users access to the telephone 
tan areas. Additionally, the sharing of a telephone line system. The fixed end equipment includes a fixed radio 
among several users is not allowed; each user on a fixed 65 transceiver and a phone patch which accepts dialed 
transceiver must have a separate telephone line. digits from the telephone line, converts them into a data 

Non-trunked systems above 800 MHz are allowed packet, and couples them to the radio transceiver for 
phone patches only at the control point and only with . transmission when the radio channel is unoccupied. The 
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phone patch also accepts data packets received by the transceiver 20, 21 and a handset 22, 23) and a fixed 
fixed transceiver, decodes them, transmits an acknowl- transceiver 24. A dispatcher control terminal 26 exer- 
edge, and couples the digits to the telephone line to dial cises control over the receiver and transmitter of the 
a number. fixed transceiver 24 and communicates with remote 
A unique digit sequence identifies each mobile unit in 5 units 18 and 19 among others. Additionally, a phone 
the above two-way system. Each mobile unit decodes patch interconnect unit 28 is coupled to the fixed trans- 
the data packet transmitted from the phone patch to ceiver 24 and dispatcher control terminal 26 in a con- 
determine if the dialed digits match its unique digit ventional fashion to allow audio from the receiver of 
sequence. A match causes an alert to be activated and a the fixed transceiver 24 to be coupled to the telephone 
telephone conversation may ensue. The mobile unit 10 line and audio from the telephone line to be coupled to 
may also generate and store digits corresponding to a the transmitter of fixed transceiver 24. Connected to 
desired telephone number. These digits are encoded each of the mobile transceivers 20 and 21 is a portable 
into a datapacket and transmitted to the phone patch. If handset, 22 and 23 respectively, that replaces the nor- 
an acknowledge is not received from the phone patch, mal microphone of the radio. Each handset contains all 
the data packets are retransmitted a predetermined IS of the neccessary electronics and operator interface 
number of times. mechanisms to perform all other radio indication and 

BRIEF DESCRIPTION OF THE DRAWINGS LfLVZf^f^ot 

FIG. 1 depicts a two-way radio system with two of a call, 

possible plurality of remote units and including a phone 20 The phone patch interconnect unit 28 provides a 

patch interconnect unit telephone interface, control logic, voice operated trans- 

FIG. 2 is a block diagram of the phone patch inter- mit (VOX) circuit, packet signalling encoder/decoder, 

connect unit of FIG. 1 and includes the connections to basic timing, and management functions. A detailed 

a fixed transceiver.. description of the packet signalling system used by the 

FIG. 3 is a graphic representation of a phone patch 25 preferred embodiment of the interconnect unit 28 and of 

handset the handset 22, 23 can be found in U.S. Pat. Nos. 

FIG. 4 is a block diagram of the phone patch handset 402,682 and 402,689 and 402,690 filed in behalf of 

and includes the connections to a mobile transceiver. Burke, et al. on July 28, 1982 and assigned to the as- 

FIG. 5 is a relative timing diagram of a mobile origi- signee of the present invention. Other packet or burst 

nated telephone call 30 protocols may be used, however, to achieve a similar 

FIG. 6 is a relative timing diagram of a land origi- signalling effectiveness. A trunked system protocol for 

nated telephone call interconnection mobile radio equipment to the tele- 

FIG. 7 illustrates the composition of the data packet phone system is disclosed in U.S. Pat. No 599,319 in 

FIG. 8 illustrates the timing of the data packet. behalf of Coombes (Communications System With 

FIG. 9 illustrates the composition of the 32-bit infor- 35 Voice Priority for Remote Stations) filed April 12, 1984 

mation word. and assigned to the assignee of the present application. 

FIG. 10 is the basic process flowchart for the phone This microprocessor compatible signalling system 

patch interconnect patch unit. has been designed for good sensitivity and extremely 

FIGS. lla-llc are a flowchart of the Data Decode low falsing on a mobile radio channel. It has a much 

subroutine of the flowchart of FIG. 10. 40 higher information rate than the DTMF signalling used 

FIG. 12 is a flowchart for the Timer Event and I/O in other phone patch systems. The system allows both 

Event subroutines of FIG. 10. the handset 22, 23 and the phone patch interconnect 

FIG. 13 is a flowchart of the Disconnect subroutine unit 28 to store the telephone number digits as they are 

of FIG. 10. dialed and then forward them in a burst of packets when 

FIGS. 14a and 146 are a flowchart of the Ring Check 45 the channel is clear. This buffering of the dialed digits 

subroutine of FIG. 10. gives the dialing user the opportunity to clear and redial 

FIG. 15 is a flowchart of the VOX routine of the immediately if a mistake is made. Furthermore, the 

phone patch interconect unit packet signalling allows a positive "handshake" for 

FIG. 16 is a flowchart of the Amplitude Test subrou- most transmitted messages and commands, and pro- 
tine of FIG. 15. 50 vides automatic retransmission if a handshake is missed. 

FIG. 17 is a flowchart of the Dynamic Threshold A detailed block diagram of the phone patch inter- 
Update subroutine of FIG. 15. connect unit 28 is presented in FIG. 2. A fixed trans- 

FIG. 18 shows an amplitude versus time graph of the ceiver 24 is shown which receives signals from a mobile 

audio frequency tone of the busy tone signal from the transceiver, 18, 19, detects the signals, and passes the 

telephone network. Zero crossing counts are shown 55 audio to a conventional bandpass filter 40. The function 

correlated to the busy tone. of audio band pass filter 40 is to reject low frequency 

FIG. 19 is a flowchart of the Busy Tone Detector tones and data which fall below the audio band of 300 to 

routine of the phone patch interconnect unit 3000 Hz and to reject noise above the band. A typical 

FIG. 20 is a flowchart of the Transmit process of the compression circuit 42 provides a constant audio level 

phone patch handset 60 for the telephone line. A transitorizcd audio control 

FIGS. 21j and 21* are a flowchart of the PSK Re- switch 44 controls direction of message flow and feeds 

ceive process of the phone patch handset an audio summer 46 where it is combined with the 

PREFERRED EMBODIMENT 65 provide both sing|e t(me and DT MF generation. The 

A conventional two-way radio system 10 is depicted summed output is connected to a telephone interface 52, 
in FIG. 1 which shows two of a possible plurality re- which is consistent with Federal Communications 
mote units 18, 19 (each remote unit having a mobile Commission Part 68, for output to the telephone line. A 
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second output from the summer 46 is coupled to a tran- rupt and disconnect a call established on the second 

sistorized audio power amplifier 54 through summer 55 line. 

to drive a speaker 56 and provide, if desired, an audio External control of the phone patch interconnect unit 

output for the dispatcher. 28 is accomplished by the dispatcher who may enable or 

Audio input from the telephone line is coupled 5 disable the unit with patch enable switch 78 and may 

through interface 52 to a conventional audio band pass select automatic or manual operation with auto-manual 

filter 58 where frequencies and tones above and below switch 80. 

the audio band are removed. A three-state compression Three basic modes of interconnect are achieved by 
circuit 60 follows the audio band pass 58 and compen- the phone patch interconnect unit 28: manual, control 
sates wide variations in signal level received from the 10 P° mt supervised, and mobile supervised. Of the three 
telephone line. The first state of the compression circuit the manual phone patch operation is the least sophisti- 
60 is an expansion state wherein very low levels are cated. When the local telephone rings, the dispatcher 
amplified to bring them to levels capable of modulating answers the phone and determines if a patch is needed, 
the transmitter at full deviation. The second or linear If s0 » the dispatcher activates the patch enable switch 78 
state provides little gain to an adequate signal and the 15 allowing the interconnect unit to seize the telephone 
third state limits the level of a strong signal such that the line - At **** time o^f. the dispatcher or the land user 
transmitter is not over deviated. The audio is then cou- ^ enter DTMF on the phone to select the 
pled through an audio delay circuit 62, which will be &°P* n ^ bUe unit ^ di 6 its are decoded by DTMF 
described later, a conventional audio switch 64, and m decoder ?0 and stored m the internal RAM of micro- 
then to the transmitter of transceiver 24. The circuits 20 P rocessor **' U P°» completion of dialing, the micro- 
previously described for the phone patch interconnect P ro «f <* 68 *ansfers the stored digits to microproces- 
unit 28 are familiar to those skilled in the art and consti- *° r ,f f ° r encoding into data packets and transmission 
tute only part of the present invention. 10 desired mobile unit When the mobile unit re- 
in the preferred embodiment, phone patch intercon- 8ponds ' ? c dw P a ? her announce to both 
^^ ^^^^v^a^J^w^^^^^ 25 I**"* that the phone patch is connected. The dis- 
n^lZl in " ^^J/^J^^^ ^^ P* toher monitors both directions of the conversation on 
operating in a master-skve arrangement AnMC6803 ^ er 56 md turns off ^ e phone patch interconnect 
microprocessor such as that manufactured by Motorola when ^ TOnvemti P on is fmished. A similar 
Inc. may be the primary controller 66 which awtus process occurs on a mobile originated call, 
system control system tomg and packet signalling yo * „ ^ h fc ^ on ^ channel a 
encoding and deeding. The slave imcroprocessor 68 voice ^ (vox) protocol is followed. A 
may be an MC6^5R2^ufactured by Motorola Inc. V OX implemented in the software of microprocessor 
and is responsible for DTMF tone control, digit stor- ^ detect8 ^ presence ofspeech md keyg ^ ^ 
age, transmitter and receiver control telephone hue ter ^ ^ ^ speech b transmitted. The VOX of the 
ring detection and telephone number digit display. Pe- 35 present invention avoids the noise falsing and initial 
npheral to slave microprocessor 68 is a tone generator speech cUpping found m prcvious V0 X circuits and is 
48 which generates DTMF tones at the command of ach ieved in a software algorithm which dynamically 
microprocessor 68 and uses telephone number digits set5 th e VOX attack time, hold time and threshold val- 
stored in microprocessor 68. The tone generator 48 will ues The specific values enumerated herein are for a 
also generate single tones to be transmitted by trans- ^ particular preferred embodiment and should not be 
ceiver 24 at the request of microprocessor 68. Digits are considered as limiting the invention thereto. When a 
stored in microprocessor 68 either following the decod- remote unit initiates a telephone call, a phone number is 
ing of received phone patch handset data packets by dialed via a telephone exchange. Subsequently, many 
master microprocessor 66 or by the detection of DTMF clicks and pops typically occur while the call is being 
tones from the telephone line by DTMF decoder 70. 45 connected. To avoid keying and dekeying the transmit- 
Microprocessor 68 also presents the telephone number t er unnecessarily, the telephone patch VOX attack time ' 
dialed on the phone patch handset in a mobile initiated jg increased to 100 msec. This time, in the preferred 
call or the mobile number dialed on the telephone line in embodiment, allows clicks and pops, which typically 
a land initiated call on display 72. The display 72 in this have a duration of less than 100 msec, to be ignored, 
embodiment is a seven-segment, five digit vacuum flue- 50 The attack time is reset to its normal time of 15 msec 
rescent tube display such as those offered by Futaba when the remote unit is keyed at the beginning of con- 
driven by a single chip display controller like a National versation. 

MM5448N. Th e telephone patch VOX hold time (the time the 
Peripheral to the master microprocessor 66 is a data transmitter is held keyed after speech stops) is dynami- 
receiver filter limitej 74 which accepts data packets 55 cally adjustable to initially reduce the time that the land 
from the transceiver 24 receiver discriminator (not user must wait for a reply after the telephone is an- 
shown), filters out undesirable noise, and then squares swered. This is significant because if the normal hold- 
up the data transitions for input to microprocessor 66. time were used at this time (typically 1 to 3 seconds) 
Master microprocessor 66 also generates packet data then the land user may either hang up since no response 
based on telephone numbers and instructions received 60 would be immediately forthcoming or the user may say 
from slave microprocessor 68. These transmit data "Hello" again which would keep the fixed transmitter 
packets are processed by data transmit filter 76 before keyed, thereby preventing the mobile from responding, 
being input to the transmitter of transceiver 24. Therefore, the holdtime is automatically reduced to 250 
The interconnect unit 28 has the capacity for two msec at the beginning of a mobile initiated phone call 
telephone lines to be connected to it and can distinguish 65 until the mobile responds. 

between them. A mobile unit may select either line to be In high noise environments VOX circuits tend to 

connected. If desired, one line may be designated a keep the transmitter constantly keyed since there is a 

priority line which will, when ringing is detected, inter- continuous signal present that is greater than the VOX 
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threshold. The microprocessor 68 overcomes this prob- ously variable slope delta modulator (CVSD) encoder, 

lem by dynamically adjusting the VOX threshold to a 64K dynamic RAM, and a CVSD decoder to provide 

match the current signal environment up to l.S seconds of speech delay. 

The threshold is adjusted every 500 msec. This is A short tone is generated by tone generator 48 at the 

accomplished by computing the average magnitude of 5 end of the land party's speech VOX hold time, thereby 

the signal over a 10 msec, window. The smallest aver- alerting the mobile user that the land party has finished 

age magnitude of SO windows is used to determine the speaking and the phone patch interconnect unit is ready 

new threshold. to couple his message to the telephone line. Likewise, 

This process of threshold establishment sets the the telephone user is given a short tone when the mobile 

threshold according to the true background level which 10 dekeys. 

is measured during the natural pauses between words. By using signalling and automatic operation, as in a 
Other methods may set the threshold to a less than control point supervised phone patch, the burden of the 
optimum value since they do not distinguish between dispatcher during phone patches can be greatly re- 
background noise and desired signal. duced. In a mobile initiated call the mobile user, via 
When busy tones occur in a simplex telephone inter- 15 signalling packets on the radio channel, can directly dial 
connect, they cause the VOX to detect signal and keep the phone user. In a land originated call the phone user 
the transmitter keyed, thereby preventing the mobile dials the telephone number of the line to which the 
user from disconnecting the phone call. This problem is phone patch interconnect unit 28 is attached. Provided 
overcome in microprocesser 68 by the detection of busy that the auto-manual switch 80 is in the auto position, 
tones and the automatic disconnection of the call. 20 the ring signal is detected and the telephone line is 
The tone detection algorithm uses zero-crossing in- seized (answered) allowing the phone user to enter 
formation that is obtained by sampling the signal at 6.4 DTMF digits corresponding to the address of the de- 
Khz with an internal analog to digital converter. When sired mobile unit When the channel is clear, as deter- 
the number of zero-crossings counted in a 10 msec. mined by squelch indication or VOR activity, the data 
window differs significantly from previous counts, a 25 packets are sent to the selected mobile to start the tele- 
"no-correlation" register is incremented, and the cur- phone call. In this embodiment the phone user is limited 
rent count is saved in a "zero-crossing-compare" regis- to 30 seconds for digit entry. The phone patch intercon- 
ter (the value against which future counts will be com- nect unit 28 can be programmed to automatically dial a 
pared when testing for correlation). When the count predetermined mobile or predetermined group of mo- 
does not significantly differ from the "zero-crossing- 30 biles if DTMF digits are not entered during a specified 
^compare" register a "correlation" register is incre- time after the telephone is answered by the interconnect 
a mented. This register continues to be incremented for unit Thus, even though the patch interconnect unit 28 
-each window that is not significantly different but when can decode only DTMF digits from the telephone line, 
the first non-correlated window is observed, the con- it can be accessed and used by telephones incapable of 
tents of the "correlation" register (which contains the 35 DTMF dialing such as rotary dial telephones, 
duration of the tone detect) is compared against the The dispatcher monitors both directions of the patch 
previous tone duration. When 5 tone detects occur that in the control point supervised mode and can terminate 
have little difference in their durations, a busy detect the connection for any improper operation. This is ac- 
occurs. The A/D converter has quantizing errors complished by deactivating the patch enable switch 78. 
■•■< which can cause erroneous zero-crossing detects when 40 A major benefit of this type of automatic operation is 
: . little or no signal is present. This problem is overcome that the phone patch interconnect unit 28 can be located 
by performing software hysteresis that rejects samples at an unattended fixed transceiver site and the dis- 
that are within a zone that is +/— 2 quantization levels patcher can supervise the operation of the patch toter- 
from the zero leveL connect unit from a location removed from the fixed 
If a squelch indication is not available from the re- 45 transceiver site. On UHF and 800 MHz radio systems 
ceiver, then squelched audio is used as the indicator for the fixed transceiver transmitter outbound frequency 
voice operated receive (VOR) operation. Audio activ- can be locked on transmit in a half-duplex system. The 
ity on the radio channel is coupled to microprocessor 68 phone user can directly talk to the mobile on the out- 
via the voice operated receiver (VOR) input Detection bound frequency and the mobile user can talk back on a 
of voice on the VOR input inhibits the fixed transceiver 50 separate inbound frequency. Since the mobile trans- 
fer a predetermined period of time or until an end-of- ceiver is simplex, it is not able to hear the phone user 
transmission (EOT) data packet is received from the while it is transmitting thereby making the overall sys- 
mobile unit. When the mobile EOT data packet is re- tem half-duplex. The protocol of the system to the 
ceived by the phone patch interconnect unit 28, master phone user is just like that of a regular telephone except 
microprocessor 66 decodes the packet and immediately 55 that the phone user cannot interrupt the mobile user, 
keys the fixed transceiver 24 transmitter for a short The mobile supervised patch endows the mobiles of 
time. This allows the land line user to begin talking the system with the responsibility of patch control 
immediately without having the first syllables of speech much like that of the dispatcher for control point super- 
clipped by the attack time of the transmitter VOX cir- vision. The phone patch interconnect unit 28 is put into 
cuit 60 the automatic mode by activation of auto-manual 
As described, the VOX circuit causes the fixed trans- switch 80. When this switch 80 is in the auto position, 
ceiver 24 transmitter to be keyed when voice energy is the interconnect unit 28 is either in the control point 
present on the telephone line. Unavoidable system de- supervised or mobile supervised mode depending upon 
lays in the keying of the transmitter and activation of preprogrammed instructions. 

other circuits cause the first syllables of speech to be 65 The mobile must be able to terminate a conversation 
lost even with a very fast VOX. To prevent this, voice at any time and may do so easily when using a half- 
delay line 62 may be included in the phone patch inter- duplex system. For simplex systems mobile termination 
connect unit 28. The delay line consists of a contimi- is impossible whenever the phone user is transmitting; 
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therefore, in the preferred embodiment any uninter- user defined codes, options selections, telephone num- 

rupted transmission from the phone user is limited to a bers, and system parameters. The non-volatile memory 

period of time such as 30 seconds after which the patch 92. is programmed "in-circuit" by directly connecting 

interconnect unit 28 will cause the fixed transceiver 24 the phone patch handset 22, 23 to the phone patch inter* 

transmitter to cease transmitting and monitor the chan- 5 connect unit 28 via the multi conductor coil cord. The 

nel for a brief time, in this embodiment 3 seconds, to transmit and receive data packet signalling system used 

allow for call termination signalling. for the radio channel is also used as the data transfer 

Also in the mobile supervised mode, automatic chan- media between the mobile handset and the interconnect 
nel monitoring by the interconnect unit 28 must occur unit. Therefore, no special hardware module is required 
before the phone user can call the mobile user. In this 10 for programming. The handset key pad 85 is used to 
way a busy channel will not be interrupted with a sec- enter key sequences to program either the handset or 
ond call. When the channel is clear, the interconnect the interconnect unit. As the program values are en- 
unit 28 calls the desired mobile unit The called mobile tered from the keypad 85, they are displayed on the 
unit must then transmit an enable to the patch intercom interconnect unit display 72. If no values are entered, 
nect unit 28 before the phone user can talk on the chan- IS then a set of default values are used, 
nel The total conversation time is limited to 3 minutes To originate a telephone call from the phone patch 
in the preferred embodiment handset 22, 23, the user presses the "telephone" key on 

When the telephone line is rung and detected by slave the keypad 85 and then enters the digits of the desired 
microprocessor 68, one of the two answer protocols is telephone number. The digits are stored in the micro- 
followed depending upon preprogrammed mformation: 20 processor 90 which performs all keypad scanning, de- 

1. If so programmed, the patch will not answer the bounce functions, and data packet decoding/encoding, 
phone until the VOR input has been inactive for a time The telephone number may be any standard number 
which can be five seconds. from 1 to 14 digits. The handset user will receive audio 

2. If so programmed, the patch unit will answer im- feedback in the form of single tones as each digit is 
mediately. 25 entered if the handset is enabled to do so. The digit 

After answering the phone, the patch unit must wait values are not transmitted with each key entry as in 

for DTMF digits to be entered by the caller to select a DTMF systems but are stored and forwarded to the 

mobile. Whether the call is to a single mobile, or a phone patch interconnect unit 28 only when the entire 

group of mobiles, data packets are used rather than telephone number entry is complete and the user presses 

audible, non-selective, ringing tones. 30 the "transmit" key. The telephone number is then trans- 

In this embodiment, if the channel is busy and remains mitted by a series of either two or three data packets 

busy, the VOR input to microprocessor 68 indicates generated by the microprocessor 90 and passed through 

busy and the telephone line is not answered for 20 rings. the transmit data filter 96 to the mobile transceiver 

At the twenty-first ring the line is temporarily answered transmitter. If an entry error is made by the radio user, 

so that the line will be available for mobile initiated 35 the "clear" key of key pad 85 may be used to abort the 

calls. call. 

Each remote unit of this system utilizes a mobile radio If a valid telephone number is transmitted (the phone 
transceiver well known to those skilled in the art and patch interconnect unit 28 may exclude long distance 
includes a radio telephone handset such as that shown in calls if it is preprogrammed to do so), the interface unit 
FIG. 3. A 3x5 keypad 85 similar to those used on con- 40 will transmit a data packet acknowledge back to the 
ventional desk telephones but with three additional calling mobile unit This data packet is passed from the 
buttons— transmit, telephone, and clear— at the bottom receiver of the mobile transceiver to the receiver data 
(but not indicated) of the keypad 85, is located on the filter 94 and to the microprocessor 90. The radio user 
handset This keypad 85 consists of printed circuit will then hear a short audio tone from transducer 102 to 
board contacts and an elastomeric key membrane with 45 indicate that the interconnect unit has been activated. If 
carbon impregnated buttons which connect the circuit no acknowledge is received, the remote unit will auto- 
board contacts where the key is depressed. Also visible matically retransmit the data packets. The "no ack" 
from the prospective of FIG. 3 is a slotted opening 86 indicator 106 of the handset indicators 87 will flash and 
coupling the output of an alerting transducer to the the "tel" indicator 108 will go out if no acknowledge 
surrounding air. Additionally, LED indicators 87 at the 50 packet is received. (The "tel" indicator 108 illuminates 
top of the handset provide status of operation (tele- whenever a telephone call is requested or received. The 
phone, busy, and no acknowledge) to the user. busy indicator 109 lights when a call is attempted and 

Referring to the block diagram of the phone patch the radio channel is busy), 
handset 22, 23 of FIG. 4, it can be seen that the unit When the phone patch interconnect unit 28 receives 
consists of a microprocessor 90 (which may be an 55 the valid telephone number, it converts the digits in the 
MC146805 by Motorola, Inc.), anon volatile EEPROM data packet to DTMF and places the call on the tele- 
code plug memory 92, a received data filter 94 and a phone, line. The audio activity on the telephone line is 
transmit data filter 96 realized by conventional tech- transmitted back to the mobile user, who hears the 
niques, a microphone 98, an earpiece receiver 100, a ringing or busy tones or the voice of the called party. A 
tone transducer 102, the 3 X 5 keypad 85, and the LED 60 call termination may be initiated at any time by the 
visual indicators 87. The phone patch handset 22, 23 is mobile user who either presses the "clear'* button of 
connected to the mobile transceiver 20, 21 by a detach- keypad 85 or merely hangs up the phone patch handset 
able multiconductor cord (not shown), typically a coil The hang up mechanism contains a magnet which acti- 
cord similar to that found on common telephone instru- vates a Hall effect hang-up (HU) switch 112 in the hand- 
ments. 65 set Either action will cause the termination of the tele- 

The non-volatile memory 92 contains all of the neces- phone call, but only when the simplex mobile trans- 

sary identification codes and instructions for the micro- ceiver can transmit The phone patch handset 22, 23 

processor 90 to decode the packet data as well as any will automatically monitor the radio channel via the 
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mobile transceiver receiver and cause a disconnect data VOX, after a short period of time, dekeys the transmit- 

packet to be transmitted when the channel is clear. The ter thereby allowing the mobile transmitter to be keyed, 

"tel" indicator 108 will be Uluminated during the tele- The activation of the phone patch handset PTT button 

phone call but once connect has been established the 144 causes the handset to transmit a beginning-of-trans- 

state of the "tel" indicator 108 is controlled by the 5 mit (BOT) command, indicated at 132, which enables 

phone patch interconnect unit 28 which extinguishes the interconnect unit to connect the audio from the 

the indicator 108 with a data packet acknowledging the mobile to the telephone line, at 134. At the conclusion 

disconnect request. Only the disconnect command from of the conversation when the mobile user releases the 

the served remote unit wfll cause a call termination. PTT button 114, the handset causes the transmission of 

This prevents another remote unit from accidently or 10 an end-of-transmission (EOT) command at 142. The 

maliciously disconnecting a call. interconnect unit receives the EOT, indicated at 144, 

After the interconnect unit 28 has been accessed and and times the duration of inactivity. If the timer reaches 

the telephone call established, the mobile user's trans- a predetermined value, the telephone connection is 

missions control the interconnect unit 28. Whenever the dropped without a disconnect from the remote unit and 

remote unit user wishes to transmit, the push-to-talk IS the call is terminated at 146. 

(PTT) button 114 is pressed to key the transmitter. In the case of a land originated telephone call, there 
Every such remote unit transmission contains a BOT are two modes available in any given system: autodial 
(beginnmg-of-transmission) and an EOT (end-of-trans- and direct unit/fleet/group call. Direct call allows the 
mission) data packet that is used by the interconnect land line user to selectively call any remote unit/fleet 
unit 28 to initially enable the call and, once the call is in 20 group with a phone patch handset 22, 23 and establish a 
process, to control the transmitter keying in the case of telephone conversation via the radio link. The autodial 
the simplex fixed transceiver. allows the land line user to call a specific prepro- 
The phone patch handset also provides automatic grammed unit, group, or fleet whenever the patch inter- 
telephone number dialing capability. Ten telephone connect unit does not receive DTMF digits within a 
numbers of from 1-14 digits may be predefined as one of 25 predetermined time. 

the numeric keys (0-9) of the keypad 85. The digits The calling process in a land originated call sequence 

associated with a particular telephone number are is diagrammed in FIG. 6 and occurs as follows. The 

stored in the handset non-volatile memory 92 for recall land line user dials the phone patch interconnect unit 

as one of the mobile handset numeric keys. To activate indicated at 150. If the interconnect unit is not busy it 

the automatic dialing of prestored numbers, the mobile 30 will answer the call, if so programmed, and provide a 

user simply presses the appropriate digit key and then beep to the land line caller, shown at 152. The land line 

the "transmit" key to cause the phone patch handset to user may then enter the identification code of the phone 

recall from storage the full telephone number corre- patch handset, at 154, thereby causing the interconnect 

sponding to the single pressed digit The telephone unit to transmit the identification to the remote unit, at 

packets are then sent as though the complete number 35 156, when the radio channel becomes clear. If the call is 

had been entered on the keypad 85. The phone patch successful and the interconnect receives and acknowl- 

handset also has the capability of storing the last entered edge from the mobile handset, the "tel" indicator 

telephone number and the user may "redial" the last flashes and a series of acoustic alerts is generated, at 158. 

entered number by simply pressing the "tel" button and The calling land line party hears short audio tones, 

then the "transmit" button. 40 indicated at 160, mforming the caller that the remote 

Each phone patch interconnect unit 28 which shares has been paged The "tel" indicator will continue flash- 
a fixed transceiver may be assigned a permanent one ing until the mobile user transmits, the "clear" key is 
digit access code. In this case, the mobile user will use pressed on the phone patch handset, or the interconnect 
the same telephone number dialing sequence described unit disconnects after a time-out. If the mobile user is 
above, but now the telephone number will include the 45 available and transmits back to the caller, the first corn- 
patch interconnect unit 28 access code as a prefix, i.e., mand which the phone patch handset transmits is a 
instead of dialing "tel, 5551212, transmit" the entry BOT to the interconnect unit 162. At this time the "tel" 
becomes "tel, 65551212, transmit". In addition to the indicator stops flashing and remains on continuously 
access code selectivity, the phone patch interconnect until disconnect. The phone patch interconnect unit 
unit may be programmed to respond only to phone 50 receives the BOT, enables the VOX, and starts the call 
patch handset identifications within certain bounds so timers, indicated at 164. Messages transmitted by the 
that only particular remote units may use the intercon- mobile user, at 166, are received by the fixed transceiver 
nect unit. and coupled to the telephone line by the phone patch 

The calling process of a mobile-to-land call is shown interconnect unit, as indicated at 68. The land line user 
in the timing diagram of FIG. 5. The mobile user 55 is then able to hear the message, at 170. When the mo- 
presses the "telephone" key of keypad 85, then the bile user completes his message he releases the PTT 
telephone number to be called, and finally "transmit" as switch 114 which causes the phone patch hand set to 
shown in 120. The handset microprocessor 90 waits transmit an EOT, at 172, to the interconnect unit This 
until the channel is clear and transmits a 2- or 3-packet EOT causes the patch to change the direction of the 
command 121, to the patch interface unit 28. The inter- 60 conversation and, if the radio system is simplex, key the 
face unit transmits an "ACK" packet, dials the land fixed transceiver transmitter and beep the land line user, 
telephone number, and returns the tones to the mobile, at 174, so that the land line user knows that it is his turn 
as indicated at 122. The telephone ringing tones, 124, to talk. From this point on the mobile user controls the 
trigger the interconnect unit VOX and cause the tones interconnect unit and operations identically to the mo- 
to be transmitted, at 125, to the mobile unit Assuming 65 bile originated call mode described above, 
that the called party answers, at 128, the voice energy In the autodial mode the phone user is not required to 
triggers the VOX and transmits the voice, at 129, to the enter an identification code. This method makes possi- 
mobile unit. When the land party ceases speaking, the ble automatic calling when the land/line user does not 
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have a DTMF telephone. The remote unit or units Th e data packet transmittedon the radio channel is 
called in this mode will respond in the same fashion as .diag rammed in FIG. 7 and consists of a ^-diTdatawbTd 
in the individual call described previously. However, if combined^wit ha 16-bit invcctcdJCCl IT redun dancy 
group or fleet calling is performed, the BOT and EOT check code-e mbedded in a 112-bit convol ntiong'code 
data packets that are sent with every mobile voice trans- 5 woi^ry4 0^n^ug^Jbase o ptimized code word used 
mission will contain the group or tleet identification _for message^ng^^ the 1 12 bitw oni 

codes. This feature allows multiple remote units to re- which is prece&te?W^4-bit preamble code used^for 
spond to the land/line caller and the conversation is carrier and bit synchronization. A similar signalling 
heard by the entire group or fleet technique is disclosed in U.S. patent application No. 

The phone patch handset further provides "call for- 1° 402,689 filed in behalf of Burke et al. (General Purpose 
warding" allowing calls for one mobile user to be trans- Data Control System) filed on July 28, 1982; in U.S. 
ferred from that user's mobile identification number to patent application No. 402,690 filed in behalf of Burke 
another mobile identification number. The call forward et al. (Selective Call, Paging, and Priority Signalling 
command is generated at the originating phone patch System) on July 28, 1982; and in U.S. patent application 
handset, but the call forwarding action takes place at 15 No. 402,682 filed in behalf of Burke et al. (Data Signal- 
the interconnect unit The originating mobile user keys ling System) on July 28, 1982, all of which are assigned 
into the handset "telephone, #1, NNNN, transmit". to the assignee of the present application. 
This causes the interconnect unit to redirect the tele- The packet transmission timing consists of all of the 
phone calls for the transferring remote unit to remote required message elements, system delay, and radio 
unit identification "NNNN". Either the "from" phone 20 keying times as shown in FIG. 8. The information 
patch handset or the "to" phone patch handset may words and acknowledgements in the system utilize au- 
cancel the call forward by keying "telephone, #3, trans* tomatic retransmissions if the proper response packet is 
mit". In a similar manner, call pickup may be done not received within a certain period of time. The send- 
entering "telephone, #2, NNNN, transmit". The mobile ing unit will wait a random and discrete interval before 
user may then receive any calls which would have gone the next retransmission. This delay is computed after 
to mobile NNNN. the first transmission and recomputed for every subse- 

The signalling system used in the preferred embodi- quent transmission according to the formula: 
ment of the phone patch system is one which uses PSK 

modulation and demodulation at 600 BPS with a 1500 3Q Packc * M»v =(2+n>pt 

Hz carrier. Other burst signalling methods such as the 

5-tone system common in Europe (CCIR or ZVEI where 

standards), may be used by the system designer as de- N =0, 1, 2, or 3 (uniformly distributed) 
sired without departing from the scope of this inven- = system packet time 

tion. 3« During the packet delay time, the sending unit moni- 

Data is coherently detected in this embo diment tors the channel for the response packet for a minimum 
thr ough software-techniques and data transf er is accom- °f two packet times. This discrete and random packet 
plished in bursts or packets t hat are synchronized delay staggers the transmissions of multiple units and 
thrbugn _ a _4Qbi t dual -phase optiTwiggo^oc'e^ wofdrj^ eases contention problems. 

rate Jt involutional threshold decode r is used forerror-^ If a pro per response pack et is not received after the 
corre ction and a 16-bit inverted CCITT^edundancy initial trans mission, the sending unit will automatically 
code-b-UsecHaS-an-L' inner*' code„woi*fl"To7Tre ssage retransmit the data packet and wi ll continue to do soUp 
enoi^detection^adin^. protectionl8 achieved through to^ 4TarahsmisaolBrThen3ata"pacKet transmissiorTse- 
nmeJu yjeisiE^jLt he 112-bit encoded data! qn ence term mates_immediatel y after decoding aTre- 

Arandom input contention protocol is used in chan- 45 spons e^packet or after a total of five transmissions. /Ije 
nel data entry. This type of system is intended to inter- in formation word transmitted in the data packet u tilizes 
face into existing voice traffic systems where voice has ^ theTbrmatlhoi^^ 

priority over data functions. Handshake and retransmit oft he information word comprise the unit address and 
sion are used to provide reliable and automatic opera- theremai nder of the messag e^mprisebits liLto 31 as 
tion of the basic functions over a radio channel. Ac- 50 shown. A two_packet telephone call utilizes two Bit 
knowledgement of commands is standard. packets concat enated -wiflkfl 25 millisecond separation 
Due to the complexity and serial arrangements of the "~ delay. T he first packet_is^ -^de r_packet^d_TOntams 
RF system which add time delay to the signal, it is often _ informafion^word: » *s 

necessary to delay packet transmissions by a variable B"0 1 0 11100 001 00000": ADDRESS, where AD- 
amount depending upon the particular radio system 55 DRESS is the 16 bit unit identification 
configuration. This delay ensures the proper reception The data packet which follows contains up to 7 BCD 
and decoding of the data at the receiving end. System digits corresponding to the dial telephone Dumber: 
delay is programmable in both the phone patch handset B M 1000": H"FFF 1234" 

and the phone patch interconnect unit of the system. This information word would be read as telephone 
and may range from 0 to 1.5 seconds in steps of 100 60 number 1234. A non BCD digit of hex "F' is under- 
milliseconds per step in the preferred embodiment Nor- stood to be a leading or a trailing delimiter of the de- 
mally the delay is the same for all mobile units and is sired telephone number. Another valid information 
determined by the phone patch interface unit The delay word for this telephone number could be: 
for phone patch handsets is automatically "down- B" 1000": H"l 234 FFF* 
loaded" from the interconnect unit during handset pro- 65 or for a full 7 digit number the word would be: 
gramming. The system delay is in the form of silent. B M 1000": H"1234567" 

carrier thereby minimizing the amount of data heard on For those telephone un umbers employing more than 
the voice channel. 7 digits (such asl234567890123 4),a3 packet 
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data transmission is available. The 3 packet header for- 
mat is: 

B"0 1 0 11100 010 0000": ADDRESS, where AD- 
DRESS is the 16 bit unit identification 
and the second packet would contain: 5 
B"100": H"1234567* 
and the third packet word would be: 
B"1000": H M 8901234" 

The first data packet may have a leading character or 
characters hex "F", but cannot have trailing delimiters 10 
of hex M F' if actual BCD digits are contained in the 
third packet In other words the two data packets con- 
sidered together may not have hex "F" between valid 
BCD digits of the telephone number. 

At the beginning of each simplex transmission of the 15 
remote unit is a BOT data packet It instructs the phone 
patch interface unit to turn around the patch to the 
mobile to land direction. No acknowledge is ever ex- 
pected. The data is transmitted in the format shown in 
FIG. 9: 

B"0 0 0 1 1 100 000 0001 1": ADDRESS 
at the end of each simplex transmission by the remote 
unit is an EOT data packet It tells the interconnect unit 
to turn around the patch to the land to mobile direction 
and again no data response is expected. The information 
word is: 

B"0 0 0 1 1 100 00 00000": ADDRESS 

To terminate a telephone call in progress, a request 
disconnect message is transmitted by the remote unit to 3Q 
the phone patch interconnect unit and the interconnect 
unit responds with a standard format "ACK", if an 
individual remote unit is involved with the call. The 
request disconnect data packet contains: 
B"0 I 0 11100 000 00010": ADDRESS 

The phone patch interconnect unit initiates two com- 
mands. The first is addressed to an individual phone 
patch handset unit or a group or fleet of handset units. 
The second is a disconnect instruction. The telephone 
call command is a single packet having, if an "ACK" is 40 
required, the data: 

B"0 1 1 11100 000 0001": ADDRESS 

If an "ACK" is not required, the information word is: 
B"0 0 1 11100 000 0001": ADDRESS 

The phone patch interconnect disconnect informa- 45 
tion word is: 

B"0 1 1 11100 000 0100": destination ID. 

If an "ACK" is needed If not: 
B"0 0 1 11 100 000 0100": destination ID. 

The steps taken by the phone patch interconnect unit 50 
are shown in the basic flowchart of FIG. 10. The re- 
ceived data decode subroutine of the phone patch inter- 
connect unit is shown in FIGS. 11a, 116, and 11c. Timer 
Event subroutine and I/O Event Subroutine are shown 
in FIG. 12, Disconnect Subroutine is shown in FIG. 13, 55 
and Ring Check Subroutine is shown in FIGS. 14c and 
146. 

The VOX algorithm for the phone patch intercon- 
nect unit is shown in the flowcharts of FIGS. 15, 16, and 
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While a particular embodiment of the equipment and 
system according to the invention has been shown and 
described, it should be understood that the invention is 
not limited thereto since many modifications may be 
made. It is therefore contemplated to cover by the pres- 
ent application any and all such modifications that fall 
within the true spirit and scope of the basic underlying 
principles disclosed and claimed herein. 

We claim: 

1. An interconnect system employed in a two-way 
communications system operating on a radio channel 
and providing, access to a telephone line comprising: 

a telephone patch interconnect unit connected to a 
fixed radio transceiver and comprising: 

means for accepting dialed digits from the telephone 
line and encoding said dialed digits into a first data 
packet; 

means for monitoring the activity on the radio chan- 
nel received by said fixed transceiver and coupling 
said first data packet to said transceiver for trans- 
mission when no activity is present on the radio 
channel; 

means for accepting and acknowledging a second 
data packet received by said fixed radio transceiver 
and decoding said second data packets into digits 
suitable for coupling to the telephone line thereby 
dialing a telephone number; and 

means for coupling audio received from said fixed 
radio transceiver to the telephone line and for cou- 
pling audio from the telephone line to said trans- 
ceiver, and 

at least one remote unit having a unique identification 
digit sequence comprising: 

means for receiving and decoding said first data 
packet into digits and activating an alert if said 
decoded digits match said unique digit sequence 
identification; 

means for generating and storing digits correspond- 
ing to a desired telephone number; and 

means for encoding said telephone number digits into 
said second data packet and transmitting said sec- 
ond data packet to said fixed radio tranceiver of 
said telephone patch interface unit 

2. An interconnect system in accordance with claim 
1, wherein said remote unit further comprises means for 
repeating the transmission of said second data packet a 
predetermined number of times if an acknowledgement 
code is not received from said telephone patch interface 
unit 

3. An interconnect system in accordance with claim 
1, wherein said telephone patch interconnect unit fur- 
ther comprises means for selecting a mode of intercon- 
nect operation. 

4. An interconnect system in accordance with claim 
1, wherein said telephone patch interconnect unit fur- 
ther comprises means for detecting voice activity on the 
telephone line and activating the transmitter of said 
fixed transceiver when said detection occurs. 

5. An interconnect system in accordance with claim 



17. The busy tones which may be input to the phone 60 4, wherein said means for detecting voice activity fur- 



patch interconnect unit from the telephone line are 
shown in FIG. 18. As described hereinbefore zero 
crossings of the tone signal are detected during the tone 
duration. The process employed in busy tone detection 
is shown in FIG. 19. 

A flowchart of the remote unit handset transmission 
process is shown in FIG. 20. The receive process of the 
remote unit handset is shown in FIGS. 21a and 216. 



ther comprises means for varying the attack time of said 
detecting means. 

6. An interconnect system in accordance with claim 
4, wherein said means for detecting voice activity fur- 

65 ther comprises means for varying the hold time of said 
detecting means. 

7. An interconnect system in accordance with claim 
4, wherein said means for detecting voice activity fur- 
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ther comprises means for varying the threshold of said means for accepting and acknowledging a second 

detecting means thereby providing noise immunity. data packet transmitted from a remote unit and 

8. An interconnect system in accordance with claim received by the fixed transceiver; 

4, wherein said means for detecting voice activity fur- means for decoding said second data packet into tele- 

ther comprises means for detecting busy tones on the 5 phone compatible digits and coupling said compati- 

telephone line and disconnecting the call. ble digits to the telephone line thereby dialing a 

9. An interconnect system in accordance with claim telephone number, and 

1, wherein said means for monitoring the activity on the means for coupling audio received from the fixed 

radio channel detects voice activity in the output of the transceiver to the telephone line and for coupling 

receiver of said fixed transceiver. 10 audio from the telephone line to the fixed trans- 

10. An interconnect system in accordance with claim ceiver thereby enabling conversation to take place. 
1, wherein said remote unit further comprises means for - 21. A telephone patch interconnect unit in accor- 
signalling a transmission commencement to said tele- dance with claim 20, wherein said telephone patch in* 
phone patch interconnect unit terconnect unit further comprises means for selecting a 

11. An interconnect system in accordance with claim 15 mode of interconnect operation. 

10, wherein said telephone patch interconnect unit fur- 22. A telephone patch interconnect unit in accor- 

ther comprises means for detecting said transmission dance with claim 20, wherein said telephone patch in- 

commencement signal. terconnect unit further comprises means for detecting 

12. An interconnect system in accordance with claim voice activity on the telephone line and activating the 
1, wherein said remote unit further comprises means for 20 transmitter of the fixed transceiver when said detection 
signalling a transmission cessation to said telephone occurs. 

patch interconnection unit 23. A telephone patch interconnect unit in accor- 

13. An interconnect system in accordance with claim dance with claim 20, wherein said telephone patch in- 

12, wherein said telephone patch interconnection unit terconnect unit further comprises means for detecting 
further comprises means for detecting said transmission 25 the commencement of transmission from a remote unit 
cessation signal. 24. A telephone patch interconnect unit in accor- 

14. An interconnect system in accordance with claim dance with claim 20, wherein said telephone patch in- 

13, wherein said telephone patch interconnection unit terconnect unit further comprises means for detecting 
further comprises means for keying the transmitter of the cessation of transmission from a remote unit 

said fixed transceiver for a predetermined period of time 30 25. A telephone patch interconnect unit in accor- 

following the activation of said means for detecting said dance with claim 24, wherein said telephone patch in- 

transmission cessation signal. terconnect unit further comprises means for keying the 

15. An interconnect system in accordance with claim transmitter of said fixed transceiver for a predetermined 
1, wherein said remote unit further comprises means for period of time following the activation of said remote 
simultaneously programming system parameters into 35 unit transmission cessation detector. 

said telephone patch interconnect unit and said remote 26. A telephone patch interconnect unit in accor- 

unit dance with claim 20, wherein said means for monitoring 

16. An interconnect system in accordance with claim activity on the radio channel detects voice activity in 
1, wherein said remote unit further comprises means for the output of said fixed transceiver receiver. 

storing digits corresponding to predetermined tele- 40 27. A telephone patch interconnect unit in accor- 

phone numbers. dance with claim 20, wherein said means for monitoring 

17. An interconnect system in accordance with claim radio channel activity further comprises means for 
16, wherein said remote unit further comprises means varying the attack time of said detecting means. 

for recalling said stored digits in response to a recall 28. A telephone patch interconnect unit in accor- 

command. 45 dance with claim 20, wherein said means for monitoring 

18. An interconnect system in accordance with claim radio channel activity further comprises means for 
1, wherein said telephone patch interconnect unit fur- varying the hold time of said detecting means. 

ther comprises means for transferring a telephone call 29. A telephone patch interconnect unit in accor- 

directed to a first remote unit to a designated second dance with claim 20, wherein said means for monitoring 

remote unit 50 radio channel activity further comprises means for 

19. An interconnect system in accordance with claim varying the threshold of said detecting means thereby 
18, wherein said first remote unit comprises means for providing noise immunity. 

designating said second remote unit to the telephone 30. A telephone patch interconnect unit in accor- 

patch interconnect unit. dance with claim 20, wherein said telephone patch in- 

20. A telephone patch interconnect unit for connect- 55 terconnect unit further comprises means for detecting 
ing a fixed transceiver of a two-way communications busy tones on the telephone line and terminating a call 
system operating on a radio channel and serving a phi- on the telephone line. 

rality of uniquely identified remote units to a telephone 31. A telephone patch interconnect unit in accor- 
line, comprising: dance with claim 20, wherein said telephone patch in- 
means for accepting dialed digits corresponding to a 60 terconnect unit further comprises means for transfer- 
specific remote unit from the telephone line and ring said page from said specific remote unit to a desig- 
encoding said dialed digits into a first data packet; nated second remote unit, 
means for monitoring the activity on the radio chan- 32. A remote telephone patch unit communicating 
nel received by the fixed transceiver, with a telephone line via a fixed transceiver and a tele- 
means for coupling said first data packet to the fixed 65 phone line interconect device which encodes digits 
transceiver for transmission to the remote units received from the telephone line into a first data packet 
when no activity is present on the radio channel for transmission on a two-way radio channel from the 
thereby paging said specific remote unit; fixed transceiver, comprising: 
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a mobile radio transceiver having an associated 
unique identification digit sequence; 

means for decoding into digits the first data packet 
received by said mobile radio transceiver and acti- 
vating an alerting device if said decoded digits 5 
match said unique identification digit sequence 
thereby responding to a telephone call; 

means for generating digits corresponding to a de- 
sired telephone number and storing said generated 
digits; 10 

means for encoding said stored digits into a second 
data packet and transmitting said second data 
packet to the fixed transceiver thereby initiating a 
telephone call; 

means for receiving an acknowledgement from the 15 
fixed transceiver indicating reception of said sec- 
ond data packet by the fixed transceiver; 

means for repeating the transmission of said data 
packet a predeterminded number of times if said 
acknowledgement is not received; 20 

means for transmitting a transmission commencement 
signal to the telephone line interconnect device at 
the beginning of each transmission; 

means for transmitting a transmission cessation signal 
to the telephone line interconnect device at the end 25 
of each transmission; and 

means for instructing the telephone line interconnect 
device to transfer telephone calls from said remote 
telephone patch unit to a selected second remote 
telephone patch unit. 30 

33. A remote telephone patch unit in accordance with 
claim 32, wherein said remote telephone patch unit 
further comprises a handset 

34. A remote telephone patch unit in accordance with 
claim 32, wherein said handset comprises means for 35 
simultaneously programming system parameters into 
said telephone line interconnect device and said remote 
telephone patch unit. 

35. A remote telephone patch unit in accordance with 
claim 32, wherein said remote telephone patch unit 40 
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further comprises means for recalling previously stored 
digits corresponding to a telephone number, encoding 
said previously stored digits, and transmitting said dig- 
its. 

36. A method of accessing a telephone line by a re- 
mote unit and transmitting telephone numbers and a 
message via a two-way radio System consisting of a 
fixed station and at least one remote unit comprising the 
steps of: 

generating and storing digits at the remote unit which 

correspond to a desired telephone number, 
encoding said telephone number digits into a data 
packet; 

transmitting said data packet to the fixed station; 
receiving an acknowledgement from the fixed station 
indicating said data packet was received by the 
fixed station; and 
repeating the transmission of said data packet a prede- 
termined number of times if said acknowledgement 
is not received. 

37. A method for a two-way radio system of selec- 
tively calling one of a plurality of uniquely identified 
remote units and mediating a conversation via a tele- 
phone line interconnected fixed station comprising the 
steps of: 

accepting dialed digits from the telephone line and 

encoding said dialed digits into a data packet; 
monitoring the channel used by the radio system to 

determine if the channel is being used; 
transmitting said data packet from the fixed station 
when said channel is determined to not be in use; 
detecting a response from the selected remote unit 
and enabling an audio connection between the 
remote unit and the telephone line; 
detecting a transmission cessation from the remote 
unit; and 

detecting audio activity on the telephone line and 
activating the fixed station transmitter in response 
thereto. 

* * ♦ * * 
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